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Abstract 

We discuss the possibility of constraining or discovering the non-standard neutrino physics be- 
yond the standard model with future long baseline neutrino oscillation experiments. Among very 
many possible experimental set up we discuss neutrino factory and T2KK, in which two detector 
setting may be useful to achieve the goal. In particular, neutrino factory with two detectors at 
baselines of 3000 km and 7000 km have a great sensitivity to non-standard interaction (NSI) and 
solve the #i3-NSI confusion problem. 
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I. INTRODUCTION 



In order to determine the neutrino oscillation parameters there is a lot of future experi- 
mental projects which would have ability of precision measurement. It means that we may 
have sensitivity to not only the standard oscillation parameters but also some new physics 
effect on neutrino sector. In this talk, we discuss about probing the non-standard neutrino 
physics with future long baseline experiment based on the works (HQ]. 

Due to limitations of space, we would like to concentrate mainly on the work of non- 
standard neutrino interaction with neutrino factory. 



II. NON-STANDARD NEUTRINO INTERACTION WITH NEUTRINO FAC- 
TORY 



Since early time, it is suggested the possible existence of non-standard interaction(NSI) 
of neutrinos with matter j§jji|[5|. In this section we discuss about probing such a NSI with 
future long baseline experiments. 

Introducing the lagrangian for NSI: 
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where Gf is the Fermi constant, / for the species of fermions in the earth e, u, d, and 



pk 



I (1=1=75). In this notation, e^o is the effective coupling normalized by week interaction. 



Concentrating on the effect of NSI in neutrino propagation, the evolution equation is 
written as, 
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where U is the Maki-Nakagawa-Sakata flavor mixing matrix^, a = \f 7 2Gpn e ^ n e is the 
electron number density in the earth, and e a p describes the total effect of NSI coming from 
charged fermion e, u, d. Though off-diagonal e parameters may have complex phase, we 
assume in this talk that all £ a ps are real. 

In order to improve the sensitivity to NSI, we examine the power of golden channel at 
neutrino factory|7j. Neutrino factory has a great sensitivity to sin 2 2613. Considering that 
e a /3 produces non-standard flavor changing effect, it is natural to expect that we have a 
high sensitivity also to NSI parameters. In fact, the contribution to oscillation probability 
P{y e — > Vy) of e efl and e er are same order to the one of sin 6*13. Though this feature helps us 
to probe the NSI, but at the same time possible existence of NSI may destroy the precision 
measurement of 6*13 and CP-phase 5, the so called confusion problem 0)0]. 

See the upper panels of Figure [TJ This is the allowed region of standard oscillation 
parameters sin 2 2#i3 and 5 on neutrino factory with a detector at 3000 km obtained by 
marginalizing certain combinations of two e a/ g's. As noted above, the sensitivity to the stan- 
dard oscillation parameters become significantly worse. In particular we cannot determine 
the nonzero value of #13 even at the input value of sin 2 2#i3 = 10~ 3 for the case with e er . 

In order to solve this confusion problem, we consider the 2nd detector at 7000 km. This 
is nearby so called magic baseline |Io1](ll|. where L = 7200 km for constant earth matter 
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FIG. 1: Allowed regions of sin 2#i3 and CP-phase 5 with use of the v, 
for various combination of NSI elements e a p. The upper (middle) panels are for a detector at 
3000(7000)km, and the bottom panels for the combined one. The input values of e a p are zero, 
sin 2 2#i3 = 0.001, and 5 = ir/2. The figure complements those in [l|] with 5 = tt/4 and 37r/2. 



density p = 4.5g/cc. The magic baseline is the special distance because P(u e — > u^) is 
independent of the solar oscillation parameters and 5. At the magic baseline, oscillation 
probability with e eT is written as[l[: 

P(v e — > v n '■ magicBL) = 4s| 

where Sjj = sin%, cy = cos 6^-, and A 3i = A ^ 31 . With the information of complex phase 
5 at 3000 km, we can determine a certain combination of #13 and e er at the magic baseline. 
This advantage helps us solve the confusion problem. Bottom panels in Figure [1] are the 
allowed region of sin 2 2(9 13 and 5 with the combined information of two detectors. The 
sensitivity becomes dramatically higher. 

The synergy effect is also powerful for probing the NSI. Figure |2] presented the allowed 
region of the NSI parameters. Though it is very hard to determine the e a p with a individual 
detector, we can determine the NSI parameters very accurately if we combine the two. 

In this work[l|, the sensitivity reach for e a p we have obtained is: 

|e eT | ~ O(10- 3 ) , \e eiM \ ~O(10" 4 ). (4) 

In more recent work with information of disappearance channel [l^]. the sensitivity reach 
to NSI parameters in — v T sector is reported as 

~ O(10- 4 ), | £rr | ~ O(10~ 2 ). (5) 
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FIG. 2: Allowed regions of various combination of two NSI parameters. The input values are same 
as Figure [TJ 



They confirmed that the two detector setting at L — 4000 km and L = 7500 km, which is 
similar to ours, is close to optimal even if NSI in matter are considerd. Notice that it is 
nothing but the standard IDS-NF setup [1 31] [141 . 

Finally we would like to point out that even though the true value of 6> 13 vanishes or 
extremely small, in which case we cannot measure the CP-phase 8 neither, we would have a 
reasonable sensitivity to non-standard neutrino interaction. It is because the contribution 

of e efl and e eT to P[y e — ► ^) remains as e e ^ T x and |e e ^,r| 2 terms in the perturbative 
formula. 



III. NON-STANDARD NEUTRINO PHYSICS WITH T2KK 

In the relatively near future experiment, we have the sensitivity to NSI on the fir sector 
\e^ T \ and |e TT |. We briefly mention hare the potential of T2KK[15j for searching the NSI 
using Up disappearance channel 

For small e a p, disappearance channel can be written by two flavor approximation. In 
such system, the effects of NSI to oscillation probability are large with e MT , and, e TT . So 
concentrating these e's, the sensitivity at 2 a CL. may be reached by T2KK setup: 

|^ T | < 0.03(0.03), |e TT | < 0.3 (1.2). (6) 

where sin 2 9 = 0.45(0.5) and e m is assumed zero because only the difference can be measured. 



4 



IV. CONCLUSION 



We discussed the power of the two detector setting at different baseline distance for 
probing non-standard neutrino physics. Neutrino factory, especially with two detectors 
at 3000 and 7000 km, is a powerful setting for solving the confusion problem that make 
the precision measurement of standard oscillation parameters untenable if we consider the 
possible existence of NSI. It is also useful to search the NSI even for extremely small value 
of NSI parameters. 
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